Bakers' yeast (Saccharomyces cerevisiae) con plasmic respiratory-deficient mutant (5), henceforth referred to as respiratory mutant, lacks PEPC but is almost normal with regard to PC, and, secondly, PEPC is strongly repressed by glucose whereas PC is not. The possibility of obtaining samples of yeast widely differing in their levels of the two carboxylases allowed us to test the role of each of these enzymes in the physiological synthesis of oxalacetate.
MATERIALS AND METHODS
Organism. The strain of baker's yeast (S. cerevisiae) used in this study was obtained from Compafiia Argentina de Levaduras. The respiratory mutant was obtained by incubating the wild-type yeast with 0.1 mM acriflavine (6) .
Cultures. Standard cultures were made in synthetic medium G (7), with glucose (2%, w/v) as sole source of carbon supplemented with meso-inositol (final concentration, 22 uAg/ml). Phthalate buffer (25 mm, pH 5.1) was added to the medium to prevent a large increase of acidity at the end of incubation. Biotindeficient yeasts were cultured in the same medium, but biotin was omitted and the medium was supplemented with L-aspartic and oleic acids (20 To measure enzyme levels during growth, cultures (1.2 liters) were grown in 6-liter Erlenmeyer flasks fitted with a lateral tube for removal of samples under aseptic conditions. The rate of cell proliferation was monitored with a similar 15-ml culture placed in an Erlenmeyer flask provided with a tube directly adaptable to the photocolorimeter. Absorbance readings were converted into yeast concentration values [mg (dry weight) per ml] with the aid of a standard curve. On the basis of these data, at the time intervals stated, samples containing about 200 mg (dry weight) of yeast were withdrawn from the larger culture for enzyme analysis. The 6.5-hr yeasts were obtained from separate cultures grown under the conditions described above.
After collection, the yeast cells were washed twice in a centrifuge and suspended in distilled water. The final concentration of the yeast suspensions was determined in a photoelectric colorimeter by comparison with a standard suspension, the dry weight (105 C) of which was established. The yeasts for the '4CO2 fixation experiments were starved by aeration at 30 C for 4 hr before use.
Preparation of cell-free extracts. Yeast (100 mg, dry weight) and glass powder (2.5 g) were ground in a mortar at 0 to 4 C for 10 min. The mixture was suspended on 0.5 ml of 0.1 M tris(hydroxymethyl)-aminomethane (Tris)-chloride, 2 mm ethylenediaminetetraacetate (EDTA) buffer (pH 8) and transferred to a centrifuge tube. The mortar was washed twice with 0.5 ml of the same buffer. The initial suspension and the washings were pooled and centrifuged at 1,100 X g for 10 min. The supernatant fluid was carefully removed, and the pellet was resuspended in 0.5 ml of buffer and reextracted in a VirTis homogenizer at 22,000 rev/min for 1 min. The homogenate was centrifuged as above, and the supernatant fluids from the first and second centrifugations were combined. The extracts were kept at 0 to 4 C,and enzyme activities were measured shortly after preparation of the extract.
Enzyme activities. PEPC activity was determined with a radiochemical method (J. J. B. Cannata, personal communication pliters). The final volume was 0.5 ml, and the incubation was for 5 min at 30 C. The reaction was started with PEP and stopped with 0.1 ml of 2 M perchloric acid. Samples (0.2 ml) of the reaction mixture were dried directly on aluminum cups, and "4C radioactivity was determined with a gas-flow counter.
PC was also measured radiochemically (3) . Direct measurement of PC and PEPC activities in cell-free extracts was consistent within a -< 5% error for PC and a <20% error for PEPC. Filtration through Sephadex G-25 (13) did not increase carboxylase activities; rather, there was a relative loss of PEPC activity. Furthermore, PEPC was partially inactivated by freezing. Therefore, the enzyme activites were measured in recently obtained cell-free extracts, without any further treatment.
Malate dehydrogenase [decarboxylating, EC 1.1 .1 .40 (12) , and EC 1.1.1.37 (23)], aspartate aminotransferase [EC 2.6.1.1 (17)], and isocitrate dehydrogenase [nicotinamide adenine di-nucleotide (NAD)-specific; EC 1.1.1.41 (10)] were determined as described in the respective references. The three latter enzymes were measured at pH 7.6, in Tris-chloride buffer at the concentrations stated for the buffers employed in the original methods. Isocitrate dehydrogenase activity was measured spectrophotometrically as the carboxylation of a-oxoglutarate.
"CO2 fixation by living yeast. The incubations were made at 30 C, in glass tubes provided with ground stoppers. The reaction mixture contained glucose, potassium phosphate (pH 7), NaHl4C03, and yeast, as stated in Fig. 2 . The reaction was started by the simultaneous addition of glucose and NaH'4CO3 and was continued with shaking, for the time stated. Methanol (9 ml per ml of yeast suspension) was then added to stop the reaction. Samples (0.3 ml) of methanolic suspension were acidified with four drops of glacial acetic acid and dried directly on aluminum cups; total 14C fixation was then measured. The methanol-water suspensions were centrifuged at 1,100 X g for 10 min, and 0.3-ml samples of supernatant fluid were counted for "4C as above (total 14C in soluble fraction). The soluble extract (methanol-water fraction) was analyzed for "IC distribution as described previously (19) Absorption spectra ofyeast. To check the properties of the respiratory mutant, spectra were determined by use of the technique of Claisse, Pere, and Slonimski (personal communication), adapted to the Beckman DK 2 spectrophotometer, equipped with a xenon source (P.E.K. X-75 model). A frame fixed near the phototube allowed the insertion of a 2-mm thick sample of yeast paste in the sample beam and tracing paper in the reference beam. The spectrum of the mutant showed that cytochromes a + a3 and b were absent but c was present, irrespective of biotin addition. On the other hand, the biotin-deficient yeast was apparently richer in cytochromes than the respective control.
Other methods. The protein concentration of the enzyme extracts was determined with the biuret method (9) . Glucose concentrations at different stages of growth were measured by the method of Nelson and Somogyi (18) .
Reagents. ADP, ATP, NADH, NAD phosphate (NADP), PEP (sodium salt), oxalacetic acid, malic acid (sodium salt), acetyl-CoA, malate and lactate dehydrogenases were purchased from Sigma Chemical Co., St. Louis, Mo. Avidin was obtained from Nutritional Biochemicals Corp., Cleveland, Ohio. L-Aspartic and a-oxoglutaric acids were purchased from British Drug Houses Ltd., Poole, England. The concentration of PC and PEPC was also dependent on the time of growth (Fig. 1) Fig. 2 and Table 2 shows that most of 14C fixed was in the methanol-water soluble fraction. The distribution patterns of 14C fixed in soluble metabolites by the wild-type yeast and the respiratory mutant (Table 2) were similar. Aspartic and malic acids were the largest reservoirs of radioactivity, particularly in the 2.5-min sample; the radioactivity Table 2 , it can be calculated that initial fixation of 14CO2 (2.5 min) in aspartic and malic acids was much less in the biotin-deficient mutant than in the wild-type yeast. Furthermore, labeling of aspartic acid increased during the incubation, and most of '4C fixed appeared in an unidentified compound (X) which, with the solvent systems employed, ran in the vicinity of glutamine and alanine. However, cochromatography with nonradioactive pure specimens did not allow identification with the latter amino acids. Apparently, X was closely related or perhaps identical to an initial product of 14CO2 fixation, because the percentage radioactivity in X decreased throughout the incubation time.
DISCUSSION
The observations described above show that, in bakers' yeast, PC and PEPC are subjected to different control mechanisms. With regard to PEPC, there was a reverse relationship between the presence of glucose in the culture medium and the enzyme level in the yeast cells. In fact, after culturing with glucose as the sole carbon source, PEPC was undetectable at the end of the exponential stage of growth; however, during the stationary phase, when glucose in the medium was exhausted, the level of PEPC significantly increased (Fig. 1) . In other words, PEPC was repressed by glucose, as are other enzymes concerned with gluconeogenesis (22) . Similar effects have been reported with other yeast species (15, 21) . The repression of PEPC by glucose is also consistent with repression of the cytochromes during the logarithmic phase of growth ( Fig. 1 and text) and in bakers' yeast grown anaerobically (L. M. Claisse, J. J. Cazzulo, and A. 0. M. Stoppani, Anales Asoc. Quim. Arg., in press). Nevertheless, the absence of PEPC in the respiratory mutant raises the possibility of an undetermined relationship between the biosynthesis of PEPC and that of basic constituents of the mitochondrion, exemplified by cytochromes a,, a3, and b.
In contrast with PEPC, PC was not repressed by glucose; furthermore, PC activity increased during the exponential stage of growth (Fig. 1) . Therefore, PC activity in the living yeast cell must be mainly regulated through activation and inhibition by metabolites (3) rather than by changes in the rate of enzyme synthesis, as seems to occur with PEPC. The leading role of PC for the net synthesis of oxalacetate in bakers' yeast is clearly demonstrated by comparison of the effect of biotin deficiency in the respiratory mutant with the effect of growth in the presence of biotin (Table 2) . This is in accordance with observations with other yeast species (15) . Apparently, PEPC would not contribute to synthesis of oxalacetate because 4CO2 fixation with the respiratory mutant (which contains PC almost exclusively) was nearly equal to that in the wild-type yeast (which contains both PC and PEPC) (Fig. 2) . In this connection, it is worth recalling that, with a biotin-deficient wildtype yeast, a significant 14CO2 fixation into C4-dicarboxylic acids was found (observations omitted in Fig. 2 and Table 2 ), which might suggest that PEPC is involved in the synthesis of oxalacetate. However, since aspartic acid was required for growth of the biotin-deficient yeast, a large pool of intracellular oxalacetate should be available for a PEPC-catalyzed exchange of "4CO2 (compare Table 1 and reference 1); therefore, the fixation of "4CO2 observed with the biotin-deficient wild-type yeast would lack physiological importance. Some quantitative differences in the distribution patterns after '4CO2 fixation by living yeasts are probably due to variation in the levels of enzymes involved in the metabolism of the primary product of fixation rather than to variation in the fixation reaction itself. Thus, the different labeling of aspartic and malic acids in the wild-type yeast and the respiratory mutant could be related to the marked differences found in the levels of malate dehydrogenase and aspartate aminotransferase. Similarly, the low levels of fumaric acid and the relative accumulation of succinic acid found in the respiratory mutant are in accordance with its low succinate dehydrogenase activity (4). The presence of a relatively significant amount of NADspecific isocitrate dehydrogenase in the biotindeficient mutant (Table 1) did not permit 14CO2 assimilation via the tricarboxylic acids, as judged from the isotope distribution pattern in the soluble cell fraction.
